Aloin is an anthraquinone-C-glycoside present in Aloe vera. This compound is extremely variable among different species and highly depends on the growing conditions of the plants. The quantification of aloin in different extraction preparations has been a frequent problem due to the high instability of the compound. The aim of the present study is to develop and validated an analytical method for aloin detection in fresh and dry samples of Aloe barbadensis gel and latex using high performance liquid chromatography coupled to a diode array detector (HPLC-DAD). Phosphate buffered saline (pH 3) was selected as the extraction solvent. The aloin was separated using a Zorbax Eclipse AAA column (4.6 × 150 mm) at 35°C, and water and acetonitrile were used as the mobile phase at a flow rate of 0.9 mL/min. The linearity was satisfactory with a correlation coefficient greater than 0.999. Under these conditions, the method precision (relative standard deviation) was 3.71% for FL, 4.41% for dry latex, 0.81% for fresh gel and 4.42% for dry gel samples. Aloe latex was determined to have a greater amount of aloin than aloe gel. The method validation was satisfactory and exhibited adequate linearity, repeatability and accuracy.
Introduction
For hundreds of years, plants have been used to treat illnesses, making them potential sources of medicinal substances. In recent years, these sources have been exploited and used to derive a large number of available drugs (1) .
Aloe barbadensis (syn. Aloe vera) has been reported throughout history as the most widely accepted specie of aloe used in ethnic medicine because of its anticarcinogenic, anti-inflammatory, antiviral and laxative properties (2) . Thus, aloe has become one of the most commercially important plants cultivated worldwide. Aloe is a succulent perennial plant from the Liliaceae family, and it is found in hot and dry climates (3) . There are more than one hundred reported constituents found in the leaves and gels. Aloe pulp has been shown to contain protein, lipids, amino acids, vitamins, enzymes, carbohydrates and inorganic compounds. The yellow exudate contains 1,8 dihydroxyanthraquinone derivatives and their glycosides (4) . Aloin, an anthraquinone-C-glycoside, naturally occurs as a mixture of diastereoisomers aloin A and aloin B (1) . The amount of aloin is also extremely variable among different species and highly depends on the growing conditions (5) . The concentrations of these analytes also depend on the location of the leaf within the aloe plant as well as the site within the leaf, i.e., leaf margins, pulp center, etc. (6) . Even with this variability, this compound has been reported to represent up to 30% of the dry weight of aloe latex (7) . Considering the large percentage of aloin found in plants along with its multiple pharmacological properties, this constituent has been considered an important indicator for quality control in pharmaceuticals and aloebased products (8) .
The most commonly used method for quantification of aloin is by high performance liquid chromatography (HPLC) with C 18 columns as the stationary phase, UV detection (8-13) and capillary electrophoresis (14) . In addition, mass spectrometry (MS) has been used to identify aloin in commercial aloe-based products and in Aloe secundiflora latex samples (12, 15, 16) .
Currently, HPLC analysis requires aloin extraction by procedures using various solvents. The most commonly used solvents are methanol (17) , ethanol (13) , ethyl acetate (18) isopropyl alcohol and water (9) . Most recently an ultrasensitive ionic liquid microextraction procedure has been used (19) . Methanol is the most frequently used solvent for the extraction of anthraquinones; however, it is known to have high toxicity, and several studies have suggested that aloin and other anthraquinones degrade faster in methanol solutions (11) . The stability of aloin is highly important for accurate validation of a method. Therefore, the search for solvents capable of maintaining aloin stability is crucial for accurate quantification of the compound. Previous studies have tested the stability of a standard solutions of aloin in phosphate buffers at different pH values, suggesting that lower pH values are preferable for aloin conservation (8) . To our knowledge, leaf samples have not been tested in phosphate buffers. Therefore, the aim of this study was to develop and validate a method for the detection of aloin in fresh and dry samples of aloe gel and latex. Validation parameters such as linearity, precision, recovery, detection and quantification limits were determined. Additionally, the presence of aloin in the commercial samples was confirmed by HPLC-MS.
Experimental
Chemicals and reagents HPLC-grade acetonitrile was purchased from J.T. Baker (Center Valley, PA, USA), and acetic acid and methanol were obtained from Sigma (St. Louis, MO, USA). The standard aloin with purity ≥97% (C 21 H 22 O 9 , CAS 1415-73-2) was supplied by Santa Cruz Biotechnology (Dallas, TX, USA). Analytical-grade methanol and phosphate buffered saline (PBS) were purchased from Sigma (St. Louis, MO, USA). All aqueous solutions were prepared with ultrapure water purified with a NaNopure Diamond UV system (Barnstead International, Dubuque, IA, USA).
An aloin standard solution (924 µg/mL) was prepared in PBS (adjusted to pH 3 with 1 N hydrochloric acid) by dissolving an accurately weighed amount in a volumetric flask. The solution was stored at 4°C protected from light. Working solutions of aloin were prepared from the stock solution and diluted with PBS (pH 3). Two calibration curves were prepared. The first was prepared with volumes of 4, 3, 2 and 1 mL of standard solution filled to 5 mL, and the second was prepared with volumes of 30, 50, 250, 500 µL and 1 mL of standard solution filled to 10 mL. The stock solution and working solutions were prepared on the same day that they were analyzed. For quantification, peak heights were correlated with the concentration according to the calibration curve. All samples were analyzed in duplicate. Aloin content are cited as means ± standard deviations (SDs).
Samples preparation
Aloe barbadensis leaves were harvested from an intensive cultivation area in South Sonora, Mexico in plastic bags and washed with drinking water. The leaves were cut at the base and allowed to drain for 30 min to obtain fresh latex (FL). For fresh gel (FG), the leaf skin was removed, the inner and middle layer were scraped, which contained the vascular bundles transporting latex (20) , and then these were homogenized in a blender. For dry samples, FG was dried at 40°C (24 h) in an oven while FL was dried at room temperature (22°C) for 24 h. Many leaf samples from commercial producers were received, but the tests shown discrepancies in the data. Thus, we decided to evaluate the distribution of aloin within different parts of the leaves and between the leaves of one plant. For the first study, each leaf was divided into four different sections: basal, terminal, center and leaf borders. For the second study, five leaves were collected from one plant and the analysis was performed for homogenized FG from all the leaf. The commercial samples including a juice concentrate and A. barbadensis capsules were obtained from herbal medicine stores.
The water content of FG, FL, dry gel and dry latex was eliminated by drying to constant weight in an oven at 70°C.
About 5 mg of dry latex and 10 mg of FL were dissolved in PBS (pH 3) to 5 mL. A total of 50 mg of dry gel, 2 g of FG and 100 mg of A. barbadensis capsules were all prepared by dissolving in PBS (pH 3) to 10 mL. The commercial aloe juice concentrate was injected directly without dilution. All samples were sonicated for 10 min and filtered through 0.45 µm pore size nylon membrane filters (GVS Fitter Technologies, Indianapolis, IN, USA) prior to HPLC analysis.
Equipment and chromatographic conditions
An Agilent series 1220 Infinity LC HPLC system (Agilent Technologies, Palo Alto, CA, USA) was equipped with a dual gradient pump, an auto-sampler and a diode array detector (DAD) LC 1260. Chromatographic analysis was performed using an analytical scale (4.6 × 150 mm) Zorbax Eclipse AAA column with a 5 µm particle size. Aloin was quantified using the peak heights after HPLC analysis. The analysis was conducted according to the HPLC conditions described in Table I .
Liquid chromatography with MS (LC-MS) was performed using an Agilent 1260 Infinity HPLC system (Agilent Technologies, Palo Alto, CA, USA) coupled to an Agilent 6230 TOF equipped with an ESI source. All acquisitions were performed in negative ion mode with a capillary voltage of +3,500 V. Nitrogen was used as the nebulizer gas (30 psig), and the dry gas temperature was 300°C at 10 L/min. The mobile phase was ultrapure water with 0.1% acetic acid (A) and acetonitrile with 0.1% acetic acid (B).
Results
The popularity of commercial aloe-based products has increased significantly over the years especially in the food and beverage industry. Aloin is known to be have laxative properties; therefore, methods to quantify this analyte concentration are important in order to give consumers product safety. The great majority of studies on the extraction of aloin are done with acidified solvents or methanol, although the aloin is highly unstable when dissolved in methanol. We present an extraction method using PBS solution, where the aloin demonstrated to be stable at acidic pH. In addition, for measurement of aloin this HPLC method was validated and has appropriate analytical characteristics.
Aloin extraction
For the purpose of this study, different solvents (methanol, methanol:HCl, ethanol, ethanol:HCl and ethyl acetate) were tested in fresh aloe gel samples. The height of the aloin peaks in the samples extracted with methanol showed approximately double the height of those extracted with ethyl acetate and ethanol. However, aloin was highly unstable with methanol:HCl when were performed repeated analysis of the extracts during 12 h. Thus, the extraction solvent was changed to PBS buffered saline (PBS), a non-toxic solution, to improve the stability the aloin. And the aloin content was measured at two distinct pH values (3 and 7) over 25 h. The results showed higher stability at pH 3. There was an 80% decrease in the aloin peak height between 0 and 25 h at pH 7, while at pH 3, the height showed only a slight variation (0.02%).
HPLC separation and identification
In the current study, a preliminary trial was performed with standard aloin to determine the optimal chromatographic conditions for aloin detection. The optimal conditions for the separation of aloin in all samples (dry latex, FG, FL, dry gel and commercial products) are shown in Table I . Figure 1 shows the chromatograms obtained for the aloin standard, dry latex and FG samples. The peak for aloin was observed at 7.93 ± 0.02 min after an average of eight injections. Aloin was identified by comparing its retention time with the standard and using characteristic spectra obtained from the DAD.
To confirm the identification of the peaks, an LC-MS analysis of the commercial products was performed. First, to optimize the LC-MS conditions, a standard solution of 7.44 µg/mL of aloin was analyzed in negative ionization dual ESI mode, with a drying gas temperature of 300-350°C, the nebulizing gas set between 30 and 60 psig and the fragmentor at 100-170 V. Optimal results were obtained with a drying temperature of 300°C, the nebulizing gas at 30 psig and the fragmentor at 170 V.
Method validation
The linearity of the standard curves (Table II) was expressed in terms of the determination coefficient (r 2 ) from plots of the integrated peak heights versus the concentrations of the standard (µg/mL). The method was linear between 162.5 and 3551.8 µg/mL for the latex samples and between 41.7 and 2454.8 µg/mL for the gel samples. The correlation coefficients are satisfactorily greater than 0.999. Table III shows the precision results, where the relative standard deviation (RSD) was found to be between 0.81% and 4.42% for repeatability. The reproducibility of total aloin in the samples was measured by analyzing the same sample on a total of 5 days, and the RSD values for the samples were found to be less than 4.31%.
Determination of the detection limit for aloin on the basis of signal to-nose ratios (3:1) was 3.6 ng/mL, and the quantification limit based on the signal to-nose ratio (10:1) was 11.8 ng/mL, as per American Chemical Society guidelines (21) .
Accuracy was estimated using recovery assays for dry gel and dry latex samples. For evaluation of aloin recovery, two spiking levels were quadrupled in each sample prior to extraction and quantitation. The average recovery for dry gel was 90.4% (0.06% RSD) and 89.6% (0.06% RSD) for dry latex.
Aloin content in gel and latex of A. barbadensis leaves
The aloin contents of fresh and dry gel, as well as fresh and dry latex samples, were determined in different preparations of PBS buffer extracts. The analyses were conducted with leaf samples from commercial producers finding great variability in the aloin content as observed in Table IV , the FL samples quantified greater aloin amounts, with an average of 199.76 ± 0.74 mg aloin. For dry latex, the average aloin content was 176.26 ± 0.16 mg, 7.87 ± 0.05 mg for FG and 5.11 ± 0.12 mg for dry gel samples. These results show a percentage between 17% and 20% for fresh and dry exudate, which is very close to the previous study. For FG samples, the results show a range from 4.04 to 13.41 mg aloin/g dry weight. We found that the dry samples may contain less aloin due to rapid degradation by temperature (8) .
Aloin content in different leaves from the same A. barbadensis plant
The practical applicability of the proposed analytical method was assessed by determining aloin content in different sections of the leaves. All extracts from the same leaf were homogenized to compare the aloin content between different leaves.
An A. barbadensis plant was selected for the determination of aloin in different sections. The selected leaves represent different levels of the plant, starting from the center and reaching the base.
Starting from the largest leaf at the base and increases at each level until reaching the center. The aloe offshoot is found at the base of the aloe plant. Leaves lower, middle lower and middle upper represent the largest leaves, 67.5, 67.1 and 66.5 cm, respectively. The middle upper leaf originated from the middle section of the plant measured 20 cm, while the aloe leaf offshoot measured 21.1 cm. Figure 2 shows the aloin content of each leaf, where the leaves that showed a greater amount of aloin were of the upper leaf and the aloe offshoot.
Aloin content in different section of an aloe leaf
From the four sections previously described the highest mean was found in the terminal section of the leaf (22.28 mg aloin/g gel dry weight), while the basal section had minor content (1.08 mg aloin/g gel dry weight). The results show lower aloin quantification in the aloe margins (1.81 mg aloin/g gel dry weight) than in the center (4.40 mg aloin/g gel dry weight). The basal section was found to contain the lowest amount of aloin.
Aloin content in commercial aloe products
The practical applicability of the proposed analytical method was also assessed by determining the aloin content in three different aloe-based commercial products. The aloe capsules contained 2.97 µg/mL aloin. In the juice concentrate, the aloin could not be quantified because the chromatographic peak was very small. The aloin was not detected in the homeopathic aloe product. Means ± SDs (n = 2).
All commercial products were also analyzed by LC-MS, where the presence of aloin was confirmed for the aloe capsules. For these analyses, 30 µL of the juice concentrate and of the aloe capsule extract were injected. Specifically, the ESI-MS analysis showed a molecular ion at m/z 417.1202 for aloe capsule (Figure 3) . The mass calculator gave a value of m/z 417.1191 for the aloin compound, which was comparable to the molecular ions detected in the commercial product. Other aloe-based products such as the juice concentrate did not show a molecular ion comparable to aloin.
Discussion
The aloin extraction results are in agreement with the conclusions made by Jawade and Chavan (9), who suggested that a maximum extraction yield is achieved with methanol, making this solvent the most frequently utilized to extract anthraquinones. In the preliminary assays to validate the method, our results showed a gradual decrease in aloin content and a production of aloe-emodin, similarly to Chang et al. (20) indicating poor stability of aloin when dissolved in methanol. According to Ding (8) , pH plays a critical role in stabilizing aloin, and aloin has been found to show a less rapid decline at pH 3 than at alkaline pH. Zonta et al. (22) have also reported that the decomposition of aloin is most rapid at basic pH values. These findings led to the use of PBS buffer at pH 3 for the following assays.
During the optimization of the chromatography conditions, various assays were conducted with a gradient of water:methanol as the mobile phase; flow rates of (0.6, 0.9, 1.0 and 1.5 mL/min) and column temperatures of (25°C, 30°C and 35°C) (23) . The best peak resolution was obtained with a flow rate of 1.0 mL/min and a 
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An HPLC Procedure for the Quantification of Aloin in Latex and Gel from A. barbadensis Leaves column temperature of 35°C at a 45 min run time. Nonetheless, many authors have used acetonitrile:water as a mobile phase, in which the variation in the proportion of these solvents is high (9) . The results showed that using the acetonitrile:water gradient shortened the total run time. The assays were performed at 254 nm, within the range of wavelengths (220-290 nm) used to detect aloin, in previous studies (12, 13) .
For the HPLC method, the precision study was comprised of repeatability and reproducibility studies. A total of eight replicates of each sample were performed to assess repeatability, and three replicate analyses of each sample were conducted on different days to determine reproducibility. For the most part, the authors have reported RSD values lower than 5%; Chiang et al. (17) reported values between 0.3% and 0.6%, Elsohly and Gul (12) The leaves that showed the least amount of aloin originated from the base of the plant. Our results contradict the results from Beppu et al. (27) who found that the leaves from the middle positions had the lowest concentrations. The small aloe shoot reported the second highest amount of aloin, revealing that the younger leaves contained a higher amount of aloin than the older leaves located at the base. These results are in agreement with the findings of Gutterman and Chauser-Volfson (6) and Groom and Reynolds (28) , who found higher aloin contents in younger leaves than in older leaves, mentioning that aloin is located within cell vacuoles, which causes the content to vary in different locations of the leaf. In agreement with Beppu et al. (27) the concentration of aloin was found to be greater in the leaves that originated from the center of the plant than those from the base.
Previous studies have found that the terminal section of the aloe leaf contains the highest content of aloin and secondary metabolites (6) , which is consistent with our results. The studies by Gutterman and Chauser-Volfson (6) also found that the center parts of aloe leaves contain lower aloin content in comparison with the leaf margins. According to Gutterman and Chauser-Volfson (6) the leaf orientation has an effect on the aloin content.
Conclusion
The HPLC method presented in this study is simple, accurate and allows rapid quantitative determination of aloin in samples of A. barbadensis and its products. This method could be applied to the quality control of products containing aloin to prevent rapid degradation of the analyte with the use of a phosphate buffer as the extraction solution.
